In planning an experiment it is essential to have as diverse information w possible in order to obtain a good estimate of the relevant parameters. Traditionally, the inversion for wave guide parameters as well as the source location is done exclusively using pressure me~urements. Recently, it has been suggested that arrays of vector sensors (sensors that measures both pressure and velocities) could be used. In a realistic shallow water environment the use of either vector or pressure sensors on a linear horizontal/vertical array with amplitudeonly or complex-valued data at a number of discrete frequencies are discussed. Based on developed maximum likelihood functions, the performance for the above type of data will be cl~sified using the local Cramer Rao lower bound (CRLB). BACKGROUND The performance of vector sensor arrays to predict both source as well as environmental parameters is analyzed for a realistic underwater propagation environment, described by sound speed profiles in both the ocean and the sediment and including both attenuation and shear effects of the media, using the propagation code SAFARI [1]. The performance will first be described in terms of Crarner-Rao Lower Bounds (CRLB). CRLB provides a performance ceiling beyond which an optimal estimation procedure cannot exceed. For computing the CRLB, the derivatives of the observed field with respect to the unknown parameters are required. It is very difficult to compute these derivatives using finite difference approximations, due to both resolution and truncation errors. Therefore, they are computed analytically, as described in [2] for a wavenumber integration approach. Having established this tool, it is possible to examine the CRLB for some critical parameters w a function of the number, spacing and location of sensors (horizontal/vertical array, depth and range of array) as well as the combination of pressure and vector sensors and the spectrum of the source. This can be investigated for a number of canonical environments. A similar approach of using the CRLB to study the robustness of full-field inversion was reported by [3, 4]. However, in [3, 4] the CRLB was computed using finite differences.
( 1) where L is the product of number of frequencies and number of physical quantities, R1 is the observed correlation matrix and ql (m) is the synthetic field based on the environment m.
For an unbiased estimate m of a real parameter vector m, based on observations p, the CRLB on the estimation error covariance is given by C CR = E [(m -m) (m -rn)T] = F-l, where for a stochastic signal the Fisher information matrix (FIM) F is given by
Thus the FIM is based on the assumed correlation matrix and its derivative at a given true point m. It is thus a local method. For analytic comparison of different estimators this formula is often expanded using particular assumptions about the signal. For our purpose this is not necessary as it is in its most general form and is ready for numerical work.
The CRLB provides a performance ceiling beyond which an optimal estimation procedure cannot exceed, thus for an estimated set of parameters m where m is the true parameter and ua is the minimum variance for each parameter mi.
This variance depends on the FIM for that parameter and depending on the off diagonal for the remaining parameters. Thus if additional parameters are included in the search and they are coupled to the present parameter then the variance might change significantly. Thus increasing the number of parameters can lead to a very large error. SIMULATIONS When doing the simulations, comparative studies are made for ewes where the same amount of information is available. As an example, the performance of a vector sensor-b=ed approach (pressure, horizontal and vertical velocities are available) is compared with one where pressure measurements at 3 different frequencies are available. Both approach should use the same number of sensors.
First simulations was carried out with an array in an unbounded media. Here the observations by Nehorai [5] were confirmed: For an unbounded media it is clearly advantageous to use vector sensors and it will improve the accuracy in both range and depth estimation significantly relatively to just using pressure sensors.
Secondly the simulations was carried out for a 50-m deep waveguide, see Figure. The sediment is 5rn thick with a sound speed of 1700 m/s overlying a bottom with a sound speed of 1800 m/s. The 39 m long array consisted of 20 receivers and the SNR was 10dB. An example of the ambiguity surface is shown in Fig la.  Fig lb-ld show the diagonal element corresponding to the uncertainty in source position. The simulations showed that an array of vector sensors do just w well as an array just sensing pressure, provided additional frequencies are used. Both did better than the array which uses just one frequency, since more information improves the accuracy.
Clearly, the interaction with the boundaries of the waveguide makes the horizontal and vertical velocities less distinct than in the free space case. Thus is shallow water it is not obvious that a vector sensor array is advantageous. However, it is believed vector sensors could have other benefits, if e.g. space is an issue, then they would probably be advantageous. IEEE tins. signal pmessing, 42:2481 IEEE tins. signal pmessing, 42: -2491 IEEE tins. signal pmessing, 42: , 1994 . "Imtlal analysls of the data from the vertical difar array," Oceans 92, Newport, RI, 346-351, 1992. 
